Agriculture can considerably change the composition and richness of the edaphic macrofauna, affecting the ecological and biological functions exerted by the fauna. This study was carried out in commercial production systems in the municipality of Guaíra, state of Paraná, Brazil. The objective of this study was to evaluate the effect of no-tillage systems (NTS) and seasonality on the diversity, richness, and composition of the edaphic macrofauna. Three areas managed under NTS for different periods 7 years (NTS-7), 14 years (NTS-14), and 23 years (NTS-23) under crop succession with soybean (summer) (aNTS7) and maize/wheat (winter) (NTS14 and NTS23) were evaluated, in addition to a native Atlantic Forest segment, which was used as a reference. Faunal samples were collected in the dry season (September 2013) and rainy season (February 2014). The edaphic macrofauna was evaluated using the method proposed by the Tropical Soil Biology and Fertility Program. Parametric statistics were applied, and the results were compared using Tukey's test at a level of significance of 5%. Species density and total richness were usually higher in the NTS14 and NTS23 in the dry season. However, higher indexes of equability were not detected because of the dominance of groups Formicidae and Isoptera. The areas with the highest equability were the reference area in the dry season and NTS23 in the rainy season, corresponding to 0.87 and 0.61, respectively. These results indicate the higher faunal diversity in these areas, which reflects the greater stability of the ecosystem. Key words: Edaphic fauna. Biodiversity. Bioindicator.
Introduction
The intensive use of the soil can promote changes in its physical, chemical, and biological properties, and compromise its quality. The soil has a vital role in ecosystems. For this reason, soil quality and degradation are indicators of environmental health and the sustainability of agrosystems (DORAN; PARKIN, 1994; KARLEN et al., 1997; ARAÚJO; MONTEIRO, 2007) . The challenge of managing agricultural systems is maintaining productivity while protecting natural resources, soil, water, and biodiversity. The no-tillage system (NTS) follows this premise by promoting greater physical protection of the soil because of the permanent vegetation cover, which continually adds organic matter to the soil, promoting the development of a higher number of both beneficial and pest species (BROWN et al., 2002; SANTOS et al., 2008; SILVA et al., 2013) , improving nutrient cycling and the management of pests and diseases (MACHADO et al., 2015) .
The chemical and physical characteristics of the soil were better characterized in agricultural management systems, including the NTS (DANTAS et al., 2012) . Nonetheless, knowing the composition of the soil faunal community is fundamental to evaluate soil management practices in conservation production systems. The soil macrofauna is an integral and diversified part of the ecosystem biodiversity. The soil macrofauna, including earthworms, insects, and arachnids, has a body diameter ranging from 2 to 20 mm. These organisms play an essential role in the fragmentation of organic matter, soil aeration, predation, nutrient cycling, and regulation of the populations of other invertebrates (MOREIRA et al., 2010; VASCONCELLOS et al., 2013) .
The composition, abundance, density, biomass, richness, and diversity of the edaphic macrofauna community is usually changed in areas impacted by activities such as agriculture, pasture, and forest monoculture compared with native forest fragments (COPATTI; DAUDT, 2009; ORLANDO, 2011; MARTINS et al., 2011; MARQUES et al., 2014) . However, the decrease in the macrofaunal community may adversely affect the functioning of ecosystems (MACHADO et al., 2015) .
In this respect, studies that evaluate ecological parameters of the communities of edaphic macrofauna in degraded areas and areas with tilled soils are relevant to evaluate soil quality and the stage of soil degradation, contributing to the use of the macrofauna as a bioindicator of environmental impact. Therefore, the soil macrofaunal community is used as an indicator of soil biodiversity because of its diversity, functions in the soil, and sensitivity to environmental and/or anthropic changes (VELÁSQUEZ et al., 2007; SNYDER; HENDRIX, 2008; GIEBELMANNA et al., 2010; GIÁCOMO et al., 2017) .
In this study, it was assumed that as the soil fauna helps transform the plant matter added to the soil surface and improve soil aggregation, this fauna is an important indicator of the effects of the agricultural use of the soil in areas managed under no-tillage for different periods. The objective of this study is to evaluate the effects of the period of implantation of the NTS and seasonality on the diversity, richness, and composition of the edaphic macrofauna.
Materials and Methods
The study was carried out in commercial production systems implemented and developed in private rural properties managed under NTS for different periods. The areas were located in the community of Maracajú dos Gaúchos in the municipality of Guaíra, state of Paraná, Brazil. The climate of the region according to the classification of Köppen is subtropical (Cfa), with minimum and maximum temperatures of 16 ºC and 28 ºC, respectively, and an average annual rainfall of 1600 mm (CAVIGLIONE et al., 2000) . The soil of the study sites was classified as typical Eutroferric Red Latosol with clayey texture (SANTOS et al., 2013) .
The study sites included three areas managed under NTS and a native Atlantic Forest fragment, which is a natural reserve and was used as a reference. The experimental design was completely randomized. The managed areas were ordered in the following sequences according to the time of implementation of the NTS: NTS7 -7 years (transition phase), NTS14 -14 years (consolidation phase), and NTS23 -23 years (maintenance phase), and each period of implantation was considered one treatment.
In the early 1970s, native forests were deforested and converted to crops using intense tillage for soil preparation and burning of straw (conventional tillage system, CTS). In the 1990s, the first areas under NTS were formed, and this system was consolidated in the region in the early 2000s (personal information). After conversion from CTS to NTS, the study sites were cultivated with soybean (summer) and maize/wheat (winter). In these areas, fertilization was carried out in the last five years in crop successions of soy and maize/wheat in the following proportions: 270 kg ha -1 of the formula 02-20-18 and inoculation with Bradyrhizobium japonicum (liquid inoculant: 150 mL for each 50 kg of seeds) and 270 kg ha -1 of the formula 10-15-15, respectively, and limestone every 4 years at a dose of 1.7 Mg ha -1 . The exception was NTS14, in which, after the conversion from CTS to NTS in 1998, the soil was not corrected (personal information).
Soil samples were collected in two seasons: dry season (September 2013) after corn harvest, and rainy season (February 2014) after soybean harvest (Figure 1) . In both seasons, samples were collected in the neighboring native Atlantic Forest fragment. In each site, three plots of 1000 m 2 were delimited, and three points were marked in each plot, totaling nine points per site, each point representing one repetition. The soil macrofauna community was evaluated using the soil monolith method according to the Tropical Soil Biological and Fertility program (ANDERSON; INGRAM, 1993) . In the field, each sample was placed in a tray for manual separation of the macrofauna (visible to the naked eye). The collected specimens were transferred to bottles containing 70% alcohol for long-term preservation. In the laboratory, the specimens were counted and identified at the level of large taxonomic groups (usually orders and classes) as detailed by Costa et al. (1988) , CSIRO (1991) , and Dindal (1990) . During sampling of the soil macrofauna using monoliths (volume of 0.25 × 0.25 × 0.30 m), faunal specimens were removed from the soil and counted by area. Species density was expressed as the number of individuals per m 2 , and the mean number of sampled individuals was multiplied by 16, which was the conversion factor between the sampled area (1/16 m 2 ) and the square meter.
The soil water content was determined after drying the samples in an oven at 105 ºC until they reached constant weight according to the equation Ug (%) = ((WM-DM)/DM) × 100, where WM is the soil wet matter, and DM is the soil dry matter.
The diversity indexes used in this study were total richness, mean richness, and Pielou's evenness. Total richness is the number of taxonomic groups in each area, and mean richness is the average number of taxonomic groups per sample. The following equations were used:
Shannon index (H) = -∑ pi. Log pi, where pi = ni/N, ni is the density of each group, N is the sum of the number of individuals per square meter.
Pielou's evenness index = H. Log S -1 , where S is the total richness.
The variables considered in the statistical analysis were species density (total number of individuals in each area) and mean richness. The results were analyzed for normality and homogeneity using the Lilliefors and Cochran test and Bartlett's test, respectively, and Systems for Statistical Analysis (SAEG) software version 8.1 from the Arthur Bernardes Foundation of the Federal University of Viçosa (RIBEIRO JUNIOR, 2001) . Species density was calculated by transforming the data to log (x + 1). Considering that the residuals from each treatment presented a normal distribution and the variances were homogeneous, the parametric statistical analysis method was used in a completely randomized design with factorial arrangement [two seasons (dry and rainy), three treatments (period of NTS implantation), and nine replicates]. The results were compared by Tukey's test at a level of significance of 5% using software SISVAR version 4.6 from the Federal University of Lavras (FERREIRA, 2003) .
To correlate edaphic macrofauna data with the study sites, multivariate principal component analysis (PCA) was conducted using the statistical package CANOCO (TER BRAAK; SMILAUER, 2002) to assess the degree of influence of the variables (period of implantation of the NTS and seasonality) on data variability.
Results and Discussion
A total of 3,121 individuals were collected in the dry season. Of the total, 16% were collected in the NTS7, 48% in the NTS14, 32% in the NTS23, and 4% in the reference area. In the rainy season, of the 1447 collected individuals, 4% were found in the NTS7, 9% in the NTS14, 22% in the NTS23, and 65% in the reference area. The pattern observed in the native Atlantic Forest fragment indicated that seasonality was an important factor in species density, with the presence of 123 individuals per m 2 in the dry season and 937 individuals per m 2 in the rainy season (Tables 1 and 2 ). Values followed by equal capital letters in the same column and the same lowercase letters on the same line do not differ significantly by the Tukey test (p < 0.05). NTS7 -area under no-tillage with 7 years; NTS14 --area under no-tillage with 14 years; NTS23 --area under no-tillage with 23 years. The effect of seasonality on the soil macrofauna in forest areas has been evaluated in several studies (MUSSURY et al., 2008; MENEZES et al., 2010; CALVI et al., 2010; CUNHA NETO et al., 2012; MACHADO et al., 2015; BIANCHI et al., 2017) . These studies reported that rainfall affected the edaphic macrofauna, as observed in the present study in the rainy season (summer). Although there were only a few millimeters of rain in February of 2014, which affected water soil content at the time of sample collection, rainfall was evenly distributed in the other months (Figure 1 ).
The 3,122 individuals collected in the dry season belonged to 23 taxonomic groups, including 16 groups in the NTS7, 17 in the NTS14, 13 in the NTS23, and 12 in the reference area (Tables 1 and 2 ). In the rainy season, the 1447 collected individuals belonged to 13 taxonomic groups, including six groups in the NTS7 area, seven in the NTS14, eight in the NTS23, and 11 in the reference area (Tables  1 and 3) . There was no significant increase in total richness between the two seasons, with the identification of 12 groups in the dry season and 11 groups in the rainy season. Pielou's evenness index was higher in the dry season, indicating that there was no dominance between the taxonomic groups in this period. In contrast, Pielou's evenness was lower in the rainy season, and this result was attributed to the larger number of individuals from the Isoptera group. The rainfall regime was characterized by frequent rains in the rainy season, except in February 2014, when rainfall was comparatively lower (Figure 1 ). This regime may have affected the results, especially the distribution of edaphic macrofauna in the managed areas.
In managed areas, in addition to seasonality, the type of vegetation cover was different between the two seasons. In the dry season, the vegetation cover was composed of corn straw and the previous crop was soybean whereas, in the rainy season, the cover was composed of soybean straw, and the previous crop was maize. The previous crop affected the soil straw composition. The comparison of the managed areas revealed that the total density of individuals (68 per m 2 ) and total richness (six groups) were lower in the rainy season when the vegetation cover was soybean straw. In the dry season, when the vegetation cover was maize straw, the total density and total richness were increased, corresponding to 1480 per m 2 and 17 groups, respectively. The groups with higher density were Formicidae in the NTS7 and NTS23 and Isoptera in the NTS14 in the dry season. In the rainy season, the dominant groups were Formicidae in the NTS23 and Isoptera in the reference area.
Pielou's evenness was similar between the managed areas and reference area. However, in the dry season, species density was relatively higher, and Pielou's evenness was lower in all evaluated areas, indicating the dominance of some taxonomic groups in this period. The NTS14 presented the highest species density (1480 per m 2 ) and highest total richness (17 groups) in the dry season. In contrast, in this same site, Pielou's evenness was relatively lower, indicating the dominance of some taxonomic groups in the NTS14 in this period. The dominance of the Isoptera group relative to the other groups is shown in Table 2 .
In the NTS7 and NTS23, Formicidae presented the highest density, corresponding to 183 and 649 individuals per m 2 , respectively ( Table 2 ). The high density of ants and termites may be related to their social habits and the constant addition of organic matter to the soil, with a tendency to collect a large number of individuals from this taxonomic group (MENEZES et al., 2009) . Ants are conspicuous in most terrestrial ecosystems because of their abundance and species richness (LONGINO, 2002) , and the high density of this group has been reported in several studies (MENEZES, 2008; MARTINS et al., 2009; KLENK, 2010; MACHADO et al., 2015; BIANCHI et al., 2017) . In addition to ants, termites feed on cellulosic material, accelerating the decomposition and cycling of nutrients present in dead plant material (OUÉDRAOGO et al., 2004; MELO et al., 2009) , and build galleries, nests, and tunnels in the soil in search for food resources, consequently improving soil aggregation, porosity, aeration, and infiltration (MELO et al., 2009; KORASAKI et al., 2017) .
The group Oligochaeta was present in all areas in both seasons (Table 2 ), but its density was higher in the NTS7 (75 individuals per m 2 ), where this group was better distributed relative to the other managed areas ( Table 2 ). The density of some faunal groups such as Oligochaeta is strongly associated with soils with low anthropogenic activity and high levels of organic matter. Cultures such as maize have a relatively high root density, resulting in high levels of organic matter (LOSS et al., 2011) .
Total richness was usually higher in all evaluated areas in the dry season, when the soil was covered with corn straw, compared to the rainy season, when the soil was covered with soy straw. Moreover, some groups were more dominant in this season, including Diptera, Gastropoda, Diptera (larvae), Lepidoptera (larvae), Formicidae (larvae), Lepidoptera, Psocoptera, Pseudoscorpionida, Coleoptera (pupae), and Sternorryncha (Tables 2 and 3 ). This result can be explained by the larger amount of straw from maize crops and the higher C/N ratio. These two factors delay straw decomposition, guaranteeing a larger supply of food resources on the soil surface, with differences in composition and microhabitats, consequently increasing species density and total richness.
The results indicated that there were no significant differences in species density in the dry season between the study sites. In the rainy season, at a depth of 0.20-0.30 m, there was a significant difference in species density between the managed areas and the reference area, and this variable was higher (387 per m 2 ) in the native forest fragment. This result is related to the high abundance of individuals from the groups Formicidae and Isoptera, accounting to 29.8% and 65.6% of the total at this soil depth, leading to an increase species density.
Species density was lower in the rainy season at all depths. At a depth of 0-0.10 m, the density was lower in the NTS7 than in the other areas. This variable was lower in the NTS23 at a depth of 0.10-0.20 m and lower in the NTS7 and NTS14 at a depth of 0.20-0.30 m. In both cases, this result was affected by the higher density of groups Formicidae and Isoptera (Table 4) . Table 4 . Density of the edaphic macrofauna (Ind.m -2 ) at depths of 0-0.10, 0.10-0.20 and 0.20-0.30 There were significant differences in mean richness at different depths in the rainy season. This variable was relatively lower in the NTS14 at a depth of 0-0.10 m, lower in the NTS23 at a depth of 0.10-0.20 m, and lower in the NTS7 at a depth of 0.20-0.30 m (Table 4) .
PCA indicated that 46% of data variability was explained in PC1 and 20.2% in PC2, totaling 66.20% of the variability present in the original data (Figure 2 ). The period of implementation of the NTS strongly affected the macrofauna community, and the longer was the time under NTS, the higher was the diversity of the soil macrofauna. The areas with a shorter time of implementation of the NTS tended to contain phytophagous organisms, including Sternorryncha, and the no-tillage system and addition of organic matter to the soil surface increased the participation of saprophagous organisms and predators, including Oligochaeta, Isopoda, and Araneae (ALVES et al., 2006; VEZZANI; MIELNICZUK, 2011) . The reference area presented a distinct pattern, explained by the heterogeneous environment and higher biodiversity (more stable microclimate, including temperature and relative humidity) compared to the managed areas, and the group Isoptera predominated in this system. Figure 2 . Relationship between macrofauna variables and factors (time of adoption of no-tillage and seasonality) with the main components 1 e 2 (CP 1 e CP 2).
area presented a distinct pattern, explained by the heterogeneous environment and higher biodiversity (more stable microclimate, including temperature and relative humidity) compared to the managed areas, and the group Isoptera predominated in this system. 
Conclusions
The period of implantation of no-tillage systems had a stronger effect on the diversity of the soil macrofauna than seasonality.
The species density and total richness of the macrofauna were higher in the areas managed under no-tillage, including the NTS14 and NTS23 in the dry season. However, Pielou's evenness index was not higher in these areas because of the dominance of the groups Formicidae and Isoptera.
Pielou's evenness was comparatively higher in the native Atlantic Forest fragment in the dry season and in the NTS23 in the rainy season, with values of 0.87 and 0.61, respectively.
